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MANUFACTURING METHOD OF DISPLAY
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a manufacturing method of
a display apparatus, particularly to a manufacturing method
of a display apparatus which comprises a display panel 1n
which a plurality of display pixels having a light emission
device in which a carrier transport layer 1s formed by applying
a liquid maternial including a carrier transporting material are
two-dimensionally arranged.

2. Description of Related Art

In recent years, a display device which comprises a display
panel (organic EL display panel) in which organic electrolu-
minescent devices (hereinafter, abbreviated as “organic EL
device”) which are self light emitting elements are two-di-
mensionally arranged 1s know as the display device for elec-
tronic devices such as a cell phone, a portable music player
and the like. Particularly, the display response rate 1s faster
and the view angle dependence 1s smaller in the orgamic EL
display panel of an active matrix drive type comparing to the
widely used liquid display apparatus, and also the backlight,
the light guide plate or the like which 1s required 1n the liquid
crystal display apparatus 1s not needed in the organic EL
display panel. Therefore, there 1s a possibility that the organic
EL display panel can be even thinner and lighter. Thus, the
organic ELL display panel 1s expected to be used in various
types of electronic devices 1n the future.

Here, as widely known, the organic EL device has a device
structure 1in which the anode (positive) electrode, the organic
EL layer (light emitting function layer) and the cathode
(negative) electrode are orderly layered 1n a stacking manner
on one side of glass substrate or the like. Further, the organic
EL device emits light (excitation light) based on energy gen-
erated when holes and electrons which are injected are recom-
bine 1n the organic EL layer by applying positive voltage to
the anode electrode and negative voltage to the cathode elec-
trode so as to exceed the light emission threshold in the
organic EL layer. The organic EL device can be classified 1n
the organic EL device of low molecular system and the
organic EL device of high molecular system according to the
organic material (hole transporting material and electron
transporting material) which forms the carrier transport layer
which becomes the organic EL layer.

In case of the organic ELL device which uses the organic
material of low molecular system, the deposition method 1s
used in the manufacturing process i general. When the
organic {illm of low molecular system 1s being selectively
formed only on the anode electrode of the pixel forming
region, a mask for preventing the deposition of the low
molecular material to the region other than the anode elec-
trode 1s used, and there 1s a problems that the material loss at
the time of manufacturing 1s great because the low molecular
material also attaches on the surface of the mask and that the
manufacturing process 1s ineilicient.

On the other hand, 1n case of the organic EL device which
uses the organic material of high molecular system, the inkjet
method (liquid drop discharging method), the nozzle printing
method (liquid flow discharging method) or the like can be
applied as the wet type film forming method 1n general.
Therefore, the solution of the above organic material can be
selectively applied only to the anode electrode or to the speci-
fied region including the anode electrode. Thus, the thin film
of the organic EL layer (the hole transport layer, the electron
transport layer, the light emission layer and the like) can be
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2

formed 1n a great accuracy by the efiective manufacturing
process 1n which the material loss 1s small.

In such organic EL display panel of high molecular system,
there 1s known an organic ELL display panel having a panel
structure 1n which a partition wall which 1s continuously
formed and which protrudes on the insulative substrate 1s
provided between each pixel forming regions in order to
prevent the phenomenon 1n which the mixing of colors (color
mixing) of the light emitting colors occurs between 1n display
pixels by the light emitting material 1n different colors being,
mixed 1nto the adjacent pixel forming regions when the form-
ing region (pixel forming region) of each display pixel to be
arranged on the msulative substrate 1s being defined and when
the liguid material including the orgamic material of high
molecular system 1s being applied. Such organic EL display
panel comprising the partition wall 1s described in detail in
JP2001-76881A, for example.

However, in the above described organic EL device of high
molecular system or in some of the organic EL device of low
molecular system, there 1s a problem that mixing (color mix-
ing) of the light emitting colors occur between the display
pixels by the light emitting material of different colors mixing
into the adjacent pixel forming regions or there 1s a problem
that the film thickness ofthe organic EL layer which 1s formed
in the pixel forming region i1s uneven due to the surface
tension, the cohesion force and the like when the organic EL
layer (the hole transport layer, the electron transport laver,
and the light emission layer) 1s being manufactured by using
the wet film forming method such as the 1nkjet method, the
nozzle printing method or the like. The surface tension, the
cohesion force and the like are caused by the characteristic
(the lyophilic characteristic and the repellency characteristic)
of the surface of each pixel forming region 1n which the liquid
maternal including the organic material 1s applied, the surface
of the partition wall provided between each display pixels
(pixel forming region) and the solvent component of the
liquid material (embrocation).

Therefore, when the organic EL device operates so as to
emit light, deterioration of the organic EL layer (organic EL
device) 1s significant due to the light emission drive current
concentrates to flow 1n the area where the film thickness of the
organic EL layer 1s thin, and there are problems that the
reliability of the display panel and the life span of the device
are reduced, the desired brightness cannot be obtained
because the voltage at the start of light emission 1s changed

(shifted) from the designed value, and the display image
quality of the display panel 1s degraded.

SUMMARY OF THE INVENTION

In view of the above problem, an advantage of the present
invention 1s to provide a manufacturing method of a display
apparatus which comprises a display panel in which a light
emission function layer (organic EL layer) having an approxi-
mately even film thickness across the entire region of the
forming region of each display pixel.

In order to obtain the above advantage, according to a first
aspect of the present invention, a manufacturing method of a
display apparatus which comprises a plurality of display pix-
¢ls including light emitting elements having a carrier trans-
port layer comprises first causing a surface of an electrode
formed 1n a forming region of the plurality of display pixels
by being enclosed by a partition wall which 1s provided on a
substrate to have a lyophilic characteristic, making a surface
of the partition wall have a repellency characteristic and sec-
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ond causing the surface of the electrode to have the lyophilic
characteristic again by carrying out a plasma treatment in an
inert gas atmosphere.

Preferably, 1n the first causing, the surface of the electrode
1s caused to have the lyophilic characteristic to an organic
solution including a carrier transporting material by carrying

out an oxygen plasma treatment or an UV ozone treatment to
the surface of the electrode.

Preferably, in the making, the surface of the partition wall
1s made to have the repellency characteristic to an organic
solution including a carrier transporting material by carrying
out a plasma treatment to the partition wall 1n a fluorocarbon
gas atmosphere.

Preferably, 1in the second causing, the surface of the elec-
trode 1s made to have the lyophilic characteristic to an organic
solution including a carrier transporting material by carrying
out the plasma treatment in a nitrogen gas atmosphere or 1n an
argon gas atmosphere.

Preferably, the partition wall includes a polyimide resin
material or an acrylic resin material having a photosensitive
property.

Preferably, the partition wall 1s formed on an 1nsulation
film including a silicon nitride film or a silicon oxide film
formed on the substrate between the forming regions of the
display pixels.

Preferably, the forming region of the display pixels 1s
defined by the partition wall.

Preferably, the manufacturing method of the display appa-
ratus further comprises forming the carrier transport layer by
applying an organic solution including a carrier transporting
material on the electrode which 1s caused to have the lyophilic
characteristic again and drying the organic solution and form-
ing a counter electrode which opposes the electrode of the
plurality of display pixels via the carrier transport layer and
which 1s formed so as to extend on the partition wall which 1s
made to have the repellency characteristic.

Preferably, the carrier transport layer 1s constituted with a
plurality of layers. In such case, the carrier transporting layers
which are different from one another su as the hole transport
layer and the electron transport layer may be used.

According to the manufacturing method of the display
apparatus, a display panel 1n which the light emission func-
tion layer (organic EL layer; carrier transport layer) having an
approximately even film thickness across the entire area of
the forming region of each display pixel can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given heremafter and the
accompanying drawings given by way of illustration only,
and thus are not imntended as a definition of the limits of the
present invention, and wherein:

FIG. 1 1s a schematic plan view showing an example of a
pixel arrangement of a display panel which 1s used 1n a dis-
play apparatus of an embodiment in which the present inven-
tion 1s applied;

FI1G. 2 1s an analogous circuit diagram showing an example
of a circuit structure of each display pixel (a light emitting
clement and a pixel drive circuit) which 1s two-dimensionally
arranged 1n the display panel of the display apparatus of the
embodiment 1n which the present invention is applied;

FIG. 3 1s a plan layout view showing an example of a
display pixel which can be used in the display apparatus
(display panel) of the embodiment 1n which the present inven-
tion 1s applied;
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4

FIG. 4 A 1s a schematic cross-sectional view of the display
pixel of the display apparatus of the embodiment in which the

present invention 1s applied;

FIG. 4B 1s a schematic cross-sectional view of the display
pixel of the display apparatus of the embodiment in which the
present invention 1s applied;

FIG. SA 1s a process cross-sectional view showing an
embodiment of a manufacturing method of the display appa-
ratus (display panel);

FIG. 5B 1s a process cross-sectional view showing an
embodiment of a manufacturing method of the display appa-
ratus (display panel);

FIG. 5C 1s a process cross-sectional view showing an
embodiment of a manufacturing method of the display appa-
ratus (display panel);

FIG. 5D 1s a process cross-sectional view showing an
embodiment of a manufacturing method of the display appa-
ratus (display panel);

FIG. 6A 1s a process cross-sectional view showing an
embodiment of a manufacturing method of the display appa-
ratus (display panel);

FIG. 6B 1s a process cross-sectional view showing an
embodiment of a manufacturing method of the display appa-
ratus (display panel);

FIG. 6C 1s a process cross-sectional view showing an
embodiment of a manufacturing method of the display appa-
ratus (display panel);

FIG. 7A 1s a process cross-sectional view showing an
embodiment of a manufacturing method of the display appa-
ratus (display panel);

FIG. 7B 1s a process cross-sectional view showing an
embodiment of a manufacturing method of the display appa-
ratus (display panel);

FIG. 8A 1s a process cross-sectional view showing an
embodiment of a manufacturing method of the display appa-
ratus (display panel);

FIG. 8B 1s a process cross-sectional view showing an
embodiment of a manufacturing method of the display appa-
ratus (display panel);

FIG. 9 1s a graph showing a measurement result of contact
angles 1n panel substrates according to the embodiment and
comparison materials;

FIG. 10A 1s a schematic view for explaining an experimen-
tal condition for testing an occurrence rate of defect when an
organic compound containing liquid is applied to the panel
substrate;

FIG. 10B 1s a schematic view for explaining an experimen-
tal condition for testing an occurrence rate of defect when an
organic compound containing liquid i1s applied to the panel
substrate;

FIG. 11A 1s a microscope photograph showing an occur-
ring condition of defect (print irregularity) 1n the panel sub-
strates according to the embodiment and comparison material
1; and

FIG. 11B 1s a microscope photograph showing an occur-
ring condition of defect (print irregularity) in the panel sub-
strates according to the embodiment and comparison material

1.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Hereiaiter, a manufacturing method of a display appara-
tus according to an embodiment of the present invention will
be described in detail. Here, in the embodiment which 1s
described hereinafter, a case where an organic ELL device
which 1s provided with an orgamic EL layer formed by an
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organic material being applied 1s used as a light emitting
clement which constitutes a display pixel will be described.

(Display Panel)

First, the display panel (organic EL panel) and the display
pixel which are used 1n the display apparatus of the embodi-
ment of the present invention will be described.

FIG. 1 1s a schematic plan view showing an example of a
pixel arrangement of the display panel which 1s used 1n the
display apparatus of the embodiment 1n which the present
invention 1s applied, and FIG. 2 1s an analogous circuit dia-
gram showing an example of a circuit structure of each dis-
play pixel (a light emitting element and a pixel drive circuit)
which 1s two-dimensionally arranged 1n the display panel of
the display apparatus of the embodiment of the present inven-
tion. Here, for the convenience of description, only a relation
between a disposition of each pixel electrodes which 1s pro-
vided at each display pixel (sub pixel of each color; herein-
alter, convemently denoted as “color pixel”) and an arrange-
ment structure of each wiring layers and a dispositional
relation between each pixel electrodes and a bank (partition
wall) which defines a forming region of each display pixel
seen from one side (viewing side; a side 1n which the organic
EL devices are formed) of the display panel (insulative sub-
strate) are shown 1n the plan diagram shown 1n FIG. 1. The
transistors and the like within the pixel drive circuit shown in
FIG. 2 which are provided at each display pixel to drive the
organic ELL device (light emitting element) of each display
pixel so as to emit light are omitted from the drawing. Further,
in FIG. 1, hatchings are conveniently used so as to clearly
show the dispositions of the pixel electrodes, each wiring
layers and the bank.

As shown i FIG. 1, in the display apparatus (display
panel) according to the embodiment of the present invention,
a plurality of groups of color pixels are repeatedly arranged 1n
a row direction (left-right direction in the drawing) 1n one side
of the insulative substrate 11 which 1s a glass substrate or the
like. Each group of color pixels 1s constituted with each color
pixel (sub pixel of each color) PXr, PXg and PXb respectively
having each of the three colors red (R), green (G) and blue
(B). Further, a plurality of each color pixel PXr, PXg and PXb
in same color are respectively arranged 1n a line direction
(top-down direction 1n the drawing). Here, one display pixel
PIX 1s formed by grouping the adjacent color pixels PXr, PXg
and PXb respectively corresponding o each of the three colors
RGB as one group.

As shown 1n FIG. 1, regarding the display panel 10, the
pixel forming region (each color pixel region) for the color
pixel PXr, PXg or PXb 1n which a plurality of the color pixels
of same color are respectively arranged 1n the line direction 1s
defines by the bank (partition wall) 17 which 1s continuously
disposed by having a plan patter in a palisaded shape or a
lattice shape so as to protrude 1n one side of the insulative
substrate 11. Further, the pixel electrode (for example, an
anode electrode) 14 1s formed 1n the pixel forming region of
cach color pixel PXr, PXg or PXb, and also the data line
(signal line) Ld 1s disposed in the line direction (top-down
direction 1n the drawing) so as to be parallel to the disposition
direction of the bank 17. Furthermore, the select line L.s and
the supply voltage line (for example, an anode line) La are
disposed 1n the row direction (left-right direction 1n the draw-
ing) which is orthogonal to the data line L.d so as to be parallel
to one another. Moreover, although the detail description will
be given afterwards, the counter electrode (for example, a
cathode electrode) 16 which is constituted with a single elec-
trode layer (solid electrode) 1s formed 1n the display panel 10
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so as to commonly oppose to each electrodes 14 of a plurality
of display pixels PIX which are two-dimensionally arranged
on the 1nsulative substrate 11.

As shown 1 FIG. 2, each color pixel PXr, PXg and PXb of
the display pixel PIX has a circuit structure which comprises
the pixel drive circuit (or a pixel circuit) DC having one or a
plurality of transistors (for example, the amorphous silicon
thin {ilm transistor or the like) on the insulative substrate 11
and the organic EL device (light emitting device) which oper-
ates so as to emit light by the light emission drive current
controlled by the pixel drive circuit DC being provided to the
pixel electrode 14.

Particularly, for example, the pixel drive circuit DC com-
prises the transistor (select transistor) Tr11 in which the gate
terminal 1s connected to the select line Ls, the drain terminal
1s connected to the data line Ld disposed 1n the line direction
of the display panel 10, and the source terminal 1s connected
to the connection point N11, the transistor (light emission
drive transistor) Tr12 in which the gate terminal 1s connected
to the connection point N11, the drain terminal 1s connected
to the supply voltage line La, and the source terminal 1s
connected to the connection point N12 and the capacitor Cs
which 1s connected between the gate terminal of the transistor
Tr12 and the source terminal as shown 1n FIG. 2.

Here, the n-channel type thin film transistor (the field effect
transistor) 1s used for both transistors Trl1 and Tr12. When
the transistors Trll and Trl12 are the p-channel type, the
clectrical relation of the source terminal and the drain termi-
nal will be the opposite of one another. Further, the capacitor
Cs 1s a capacitance component constituted with a parasitic
capacitance formed between the gate terminal and the source
terminal of the transistor Trl2 or a supportive capacitance
additionally provided between the gate terminal and the
source terminal of the transistor Trl12, or the capacitor Cs1s a
capacitance component constituted with both the parasitic
capacitance and the supportive capacitance.

Moreover, regarding the organic EL device OLED, the
anode terminal (the pixel electrode 14 which 1s to be the
anode electrode) 1s connected to the connection point N12 of
the pixel drive circuit DC, and the cathode terminal (cathode
clectrode) 1s integrally formed with the counter electrode 16
which 1s formed with a single electrode layer. For example,
the counter electrode 16 1s directly or indirectly connected to
a predetermined low voltage power source to commonly
apply a predetermined low voltage (the standard voltage Vss;
for example, ground potential Vgnd) to all of the display
pixels PIX (the cathode electrode of the organic EL device
OLED) which are two-dimensionally arranged on the 1nsula-
tive substrate 11.

Here, 1n the display pixel PIX (the pixel drive circuit DC
and the organic EL device OLED) shown 1n FIG. 2, the select
line Ls 1s connected to the select driver (omitted from the
drawing) to apply the select voltage Ssel for setting a plurality
of display pixels PIX (the color pixels PXr, PXg and PXb)
which are arranged 1n the row direction of the display panel
10 to the select condition at a predetermined timing. Further,
the data line LLd 1s connected to the data driver (omaitted from
the drawing) to apply the tone signal (data voltage) Vpix
according to the display data at a timing so as to synchronize
to the select condition of the above display pixels PIX.

Moreover, for example, the supply voltage line La 1s
directly or indirectly connected to a predetermined high volt-
age power source to apply a predetermined high voltage (sup-
ply voltage Vdd) in which the potential 1s higher than the
standard voltage Vss to be applied to the counter electrode 16
of the organic EL device OLED in order to pass the light
emission drive current according to the display data to the
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pixel electrodes (for example, anode electrodes) 14 of the
organic EL. drive OLED provided at each display pixel PIX
(the color pixel PXr, PXg and PXb).

That 1s, 1n each display pixel PIX, the organic EL device
OLED 1s made to be 1n a condition where the organic EL
device OLED can emit light by giving the forward bias to the
organic EL device by applying the supply voltage Vdd and the
standard voltage Vss to both ends (the drain terminal of the
transistor Tr12 and the cathode terminal of the organic EL
device OLED) of a pair of the transistor Tr12 and the organic
EL device OLED which are serially connected. Further, the
current value of the light emission drive current which flows
according to the tone signal Vpix 1s controlled by the pixel
drive circuit DC.

In the drive control operation 1n the display pixel PIX
having the above described circuit structure, first, the transis-
tor Tr11 operates so as to be turned on to be set to the select
condition by applying the select voltage Ssel of the select
level (on level; for example, high level) to the select line Ls
from the select driver (omitted from the drawing) 1n a prede-
termined select period. The pixel drive circuit DC 1s con-
trolled so as to apply the tone signal Vpix having the voltage
value according to the display data to the data line Ld from the
data driver (omitted from the drawing) so as to synchronize to
the above timing of the setting of the transistor Tr11 to the
select condition. Thereby, the potential according to the tone
signal Vpix 1s applied to the connection point N11 (that is, the
gate terminal of the transistor 1r12) through the transistor
Trll.

In the pixel drive circuit DC having the circuit structure
shown 1n FIG. 2, the current value of the current between the
drain terminal and the source terminal of the transistor Tr12 is
determined by the potential difference between the drain
terminal and the source terminal and the potential difference
between the gate terminal and the source terminal. Here, the
supply voltage Vdd which is to be applied to the drain termai-
nal (drain electrode) of the transistor 1r12 and the standard
voltage Vss which 1s to be applied to the cathode terminal
(cathode electrode) of the organic EL device OLED are fixed
values. Therefore, the potential difference between the drain
terminal and the source terminal of the transistor Tr12 1s fixed
in advance by the supply voltage Vdd and the standard voltage
Vss. Further, the potential difference between the gate termi-
nal and the source terminal of the transistor Tr12 1s primarily
determined by the potential of the tone signal Vpix. There-
fore, the current value of the current which flows between the
drain terminal and the source terminal of the transistor Tr12
can be controlled by the tone signal Vpix.

In such way, the transistor Tr12 operates so as to be turned
on 1n a conductive condition (that 1s, a conductive condition
according to the tone signal Vpix) according to the potential
of the connection pomnt N11 and the light emission drive
current having a predetermined current value 1s passed into
the standard voltage Vss (ground potential Vgnd) 1n the low
voltage side from the supply voltage Vdd in the thh voltage
side through the transistor Tr12 and the orgamc L. device
OLED by the transistor. Therefore, the organic EL device
OLED operates so as to emit light at a brightness tone accord-
ing to the tone signal Vpix (that 1s, the display data). Further,
at this time, the electric charge 1s accumulated (charged) to
the capacitor Cs between the gate terminal and the source
terminal of the transistor Tr12 based on the tone signal Vpix
applied to the connection point N11.

Subsequently, in the non-select period after the above
select period 1s finished, the transistor Trll of the display
pixel PIX operates so as to be turned off to be set 1n a non-
select condition by applying the select voltage Ssel of the
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non-select level (oil level; for example, low level) to the select
line Ls, and the data line L.d and the pixel drive circuit DC are
clectrically cut off

. At this time, the voltage equivalent to the
tone signal Vpix 1s retained at the gate terminal of the tran-
sistor Tr12 (that 1s, the potential difference between the gate
terminal and the source terminal 1s retained) by the accumu-
lated electric charge being retained at the capacitor Cs.

Thus, similarly to the light emitting operation 1n the above
select condition, a predetermined light emission drive current
flows to the organic EL device OLED from the supply voltage
Vdd through the transistor Tr 12 to continue the light emitting
operation condition. For example, the light emitting opera-
tion condition 1s controlled so as to continue during the
1 -frame period until the next tone signal Vpix 1s applied
(written). Then, the image display operation to display the
desired 1mage information can be executed by, for example,
orderly executing the above described drive control operation
for each row for all of the display pixels PIX (each color pixel
PXr, PXg and PXb) which are two-dimensionally arranged 1n
the display panel 10.

Here, 1n F1G. 2, the tone control type circuit structure ol the
voltage specification type which makes the organic EL device
OLED operate so as to emit light at a desired brightness tone
by controlling the current value of the light emission drive
current which 1s made to flow into the organic EL device
OLED by adjusting (specifying) the voltage value of the tone
signal Vpix to be written 1n each display pixel PIX (particu-
larly, the gate terminal of the transistor Tr12 of the pixel drive
circuit DC; the connection point N11) according to the dis-
play data 1s shown as the pixel drive circuit DC provided in the
display pixel PIX. However, the pixel drive circuit DC may
have the tone control type circuit structure of the current
specification type which makes the organic EL device operate
so as to emit light at a desired brightness tone by controlling
the current value of the light emission drive current which 1s
made to flow into the organic EL device OLED by adjusting
(specilying) the current value to be written 1n each display
pixel PIX according to the display data.

(Device Structure of the Display Pixel)

Next, a particular device structure (a plan layout and a
cross-sectional structure) of the display pixel (the light emis-
s1on drive circuit and the organic EL device) having the above
described circuit structure will be described. Here, the display
panel (organic EL panel) having a bottom emission type light
emitting structure which emits the light which 1s emitted 1n
the organic EL layer to the viewing side (the other side of the
insulative substrate) through the isulative substrate will be
shown.

FIG. 3 1s a plan layout view showing an example of a
display pixel which can be used 1n the display apparatus
(display panel) of the embodiment of the present invention.
Here, a plan layout of a specific one color pixel among each
color pixel PXr, PXg and PXb of red (R), green (G) and blue
(B) of the display pixel PIX shown 1n FIG. 1 1s shown. Here,
in FIG. 3, the layer 1n which each transistor, the wirings and
the like of the pixel drive circuit DC shown in FIG. 2 are
formed 1s mainly shown. Further, FIG. 4A 1s a schematic
cross-sectional view cut along the line IVA-IVA (in the
present specification, “IV” 1s conveniently used as a symbol
corresponding to the roman numeral “4” shown in FI1G. 3. The
same 15 applies throughout the specification) in the display
pixel having a plan layout shown in FIG. 3, and FIG. 4B 1s a
schematic cross-sectional view cut along the line IVB-IVB 1n
the display pixel having a plan layout shown 1n FIG. 3.

Particularly, regarding the display pixel PIX (the color
pixels PXr, PXg, and PXb) shown 1n FIG. 2, for example, the

select line Ls and the supply voltage line La are respectively
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disposed so as to extend 1n the row direction (left-right direc-
tion in the drawing) at the edge region 1n the upper side and
the lower side of the pixel forming region Rpx as shown in
FIG. 3 1n the pixel forming region (the region including the
organic EL device OLED forming region (EL device forming
region) Rel 1n each color pixel PXr, PXg and PXb and the
forming region of the bank 17 between each color pixel PXr,
PXg and PXb) Rpx set in one side of the insulative substrate
11. Also, the data line LLd 1s disposed so as to extend 1n the line
direction (top-down direction in the drawing) at the edge
region in the left side of the above plan layout, the data line LL.d
being disposed so as to be orthogonal to the lines Ls and La.
Further, the bank (described 1n detail afterwards) 17 1s dis-
posed so as to extend 1n the line direction by crossing over the
color pixel which 1s adjacent 1n the right side at the edge
region 1n the right side of the above mentioned pixel forming
region Rpx.

Here, for example, the data line L.d 1s provided more 1n the
lower layer side (the insulative substrate 11 side) than the
select line Ls and the supply voltage line La and 1s formed by
the same process as forming the gate electrode by patterning,
the gate metal layer for forming the gate electrode Trllg,
Tr12g of the transistor Tr11, Tr12, respectively, and the data
line LLd 1s connected to the drain electrode Tr11d of the tran-
sistor Trl1 which 1s integrally formed with the signal wiring
layer Ldx through the contact hole CH1 provided 1n the gate
insulation film 12 formed on the data line Ld as shown 1n
FIGS. 3, 4A and 4B.

Moreover, the select line Ls 1s provided more 1n the upper
layer side than the data line LLd and 1s formed by the same
process as forming the source electrodes and the drain elec-
trodes by patterning the source/drain metal layer for forming
the source electrode Trlls, Trl12s and the drain electrode
Tr1ld, Tr12d of the transistor Trll, Trl2, respectively, and
the select line Ls 1s connected to the gate electrode Trllg
through the contact holes CH2 which are provided 1n the gate
insulation film 12 and which are positioned at both ends of the
gate electrode Trl1g of the transistor Trll.

Here, for example, the select line Ls has a wiring structure
in which the lower layer wiring section Ls0 and the upper
layer wiring section Lsl are layered in a stacking manner.
Further, the supply voltage line La (including the after men-
tioned power supply wiring layer Lay) also has a wiring
structure 1n which the lower layer wiring section La0 and the
upper layer wiring section Lal are layered in a stacking
manner. Both the lower layer wiring sections Ls0, La0 are
provided on the same layer with the source electrode Trl2s
and the drain electrode Tr12d of the transistor Tr12, or are
formed integrally with the source electrode Tr12s and the
drain electrode Tr12d of the transistor Tr12. Further, the lower
wiring sections Ls0, La0 are both formed by the same process
of patterning the source/drain metal layer for forming the
source electrode Tr12s and the drain electrode Tr12d.

Here, each of the lower layer wiring section Ls0, La0 has a
layering structure of the transition metal layer such as chro-
mium (Cr), titantum (T1) or the like for reducing the migration
and the low resistance metal layer such as simple aluminum,
aluminum alloy or the like for reducing the wiring resistance
provided on the transition metal layer. The upper layer wiring
sections Ls1 and Lal may be formed with a single layer of the
low resistance metal layer such as simple aluminum, alumi-
num alloy or the like for reducing the wiring resistance.
However, it 1s preferred that the upper layer wiring sections
Ls1, Lal have the layering structure in which the low resis-
tance metal layer 1s provided on the transition metal layer
such as chromium (Cr), titanium ('I1) or the like for reducing
the migration.
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More particularly, for example, the transistor Trl1 shown
in FI1G. 2 1s disposed so as to extend along the select line Ls (or
the signal wiring layer L.dx which 1s formed 1n the row direc-
tion and which 1s connected to the data line LLd) which 1s
disposed 1n the row direction in the pixel drive circuit DC, and
the transistor Tr12 1s disposed so as to extend along the power
supply wiring layer Lay (or the bank 17) formed so as to
protrude 1n the line direction from the supply voltage line La
in the pixel drive circuit DC as shown 1n FIG. 3.

Here, each transistor Tr11 and Tr12 has a structure of the
known field effect thin film transistor, and each transistor
Tr1l, Tr12 comprises the gate electrode Trllg, Tr12g, the
semiconductor layer SMC formed 1n the region which corre-
sponds to each of the gate electrode Trllg, Trl2g via the gate
imnsulation film 12, the source electrode Tr1ls, Tr12s formed
at both ends of the semiconductor layer SMC so as to extend
and the drain electrode Tr11d, Tr12d, respectively.

Here, a channel protection layer BL such as oxide silicon,
nitride silicon or the like for preventing the etching damage to
occur on the semiconductor layer SMC 1s formed on the
semiconductor layer SMC on which the source electrode
Trlls, Tr12s and the drain electrode Tr11d, Tr12d of each
transistor Trl11, Tr12 are respectively formed so as to oppose
to one another. Further, the impurity layer OHM {for realizing,
the ohmic connection between the semiconductor layer SMC
and the source electrode Trlls, Trl2s, respectively, and
between the semiconductor layer SMC and the drain elec-
trode Trlld, Trl2d, respectively, 1s formed between the
source electrode Trlls, Tr12s and the semiconductor layer
SMC, respectively, and between the drain electrode Tr11d,
Tr12d and the semiconductor layer SMC, respectively.

Regarding the transistor Trl1, the gate electrode Trllg 1s
connected to the select line Ls via a pair of contact holes CH2
provided 1n the gate mnsulation film 12 and the draing elec-
trode Tr11d is integrally formed with the signal wiring layer
L.dx as shown i FIG. 3 so as to correspond to the circuit
structure of the pixel drive circuit DC shown 1n FIG. 2.

Moreover, regarding the transistor Tr12, the gate electrode
Tr12g 1s connected to the source electrode Trlls of the above
transistor Tr11 via the contact hole CH3 provided in the gate
imsulation film 12, the drain electrode Tr12d 1s connected to
the power supply wiring layer Lay which 1s integrally formed
with the supply voltage line La, and the source electrode

Tr12s 1s directly connected to the pixel electrode 14 of the
organic EL. device OLED as shown in FIGS. 3, 4A and 4B.

As shown 1 FIGS. 3, 4A and 4B, the organic EL device
OLED 1s provided on the gate msulatlon {1lm 12 of the tran-
sistors Trl1, Tr12 and 1s directly connected to the source
clectrode Trl 2s of the transistor Tr12. Further, the pixel elec-
trode (for example, the anode electrode) 14 1n which a pre-
determined light emission drive current i1s supplied, the
organic EL layer (light emitting function layer) 15 including
the hole transport layer 15a (Carner transport layer) formed in
the EL device forming region Rel (corresponding to the
applying region of the after mentioned organic compound
containing liquid) which 1s defined (set between the bank 17)
by the bank 17 disposed 1n the line direction on the imnsulative
substrate 11 and the electron transporting light emission layer
1556 (carrier transport layer) and the counter electrode 16
constituted with a single electrode layer (solid electrode)
commonly provided 1n each display pixel PIX which 1s two-
dimensionally arranged on the insulative substrate 11 are
orderly layered 1n a stacking manner 1n the organic EL device
OLED.

Here, 1n the display panel 10 according to the embodiment,
the pixel electrode 14 1s formed with an electrode material
having a light transmittance property (transparent) such as the
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ITO orthe like, and the counter electrode 16 1s formed with an
clectrode material having a light reflective property because
the display panel 10 has the bottom emission type light emat-
ting structure. The counter electrode 16 1s also provided so as
to extend on the bank 17 which defines the EL device forming,
region Rel and not only 1n the EL device forming region Rel
of each display pixel PIX.

In the above described device structure, description 1s
given for the case were the data line LLd 1s formed by pattern-
ing the gate metal layer, the select line Ls 1s formed by
patterning the source/drain metal layer, and the data line Ld
and the select line Ls are respectively connected to the drain
clectrode Tr11d and the gate electrode Tr11g of the transistor
Tr11 via the contact holes CH1 and CH2. However, the device
structure 1s not limited to this, an the data line LLd and the
select line Ls may be integrally formed with the drain elec-
trode Tr11d and the gate electrode Tr11g of the transistor Tr11
and not being connected via the contact holes CH1 and CH2
by the data line L.d being formed by patterning the source/
drain metal layer and the select line Ls being formed by
patterning the gate metal layer.

Moreover, a description 1s given for the case where the
supply voltage line La and the power supply wiring layer Lay
are formed as a different layer from the source/drain metal
layer for forming the source electrode Tr12s and the drain
clectrode Tr12d of the transistor Tr12. However, the supply
voltage line La and the power supply wiring layer Lay may be
integrally formed with the drain electrode Trl12d by pattern-
ing the source/drain metal layer. In such case, the supply
voltage line La needs to be electrically insulated from other
wirings which are formed by patterning the source/drain
metal layer.

The bank 17 1s the bordering region of a plurality of display
pixels PIX (each color pixel PXr, PXg and PXb) which are
two-dimensionally arranged 1n the display panel 10, and the
bank 17 1s disposed 1n the line direction of the display panel
10 (so as to have a plan patter 1n a palisaded shape or a lattice
shape as shown 1n FIG. 1 1n the entire display panel 10). Here,
as shown 1n FIGS. 3 and 4A, the transistor Tr12 1s formed so
as to extend in the line direction of the display panel 10
(insulative substrate 11) within the bordering region, the insu-
lation films 13a and 135 which cover the transistor Tr12 and
which realize the function as an interlayer insulator between
the pixel electrodes 14 which are formed 1n each pixel form-
ing region Rpx, and the bank 17 i1s formed on the msulation
films 13a and 135 by layering the resin layers 1n a stacking
manner so as to continuously protrude from the surface of the
insulative substrate 11. In such way, the region enclosed by
the bank 17 which extends 1n the line direction (the EL device
forming region Rel of a plurality of display pixels PIX
arranged 1n the line direction (up-down direction in the draw-
ing; see FIG. 1)) 1s defined as the applying region of an
organic compound material at the time of forming the organic
EL layer 15 (the hole transport layer 154 and the electron
transporting light emission layer 155).

Regarding the banks 17 applied in the embodiment, a sur-
face treatment 1s carried out to at least the surface (side
surfaces and upper surface) of the bank 17 so as to have
repellency characteristic with respect to the organic com-
pound containing liquid to be applied to the EL device form-
ing region Rel. On the other hand, a surface treatment 1s
carried out to the surface of the pixel electrode 14 of the
organic EL device OLED so as to have a lyophilic character-
1stic with respect to the above organic compound containing
liquad. Further, for example, the bank 17 1s formed by using a
photosensitive resin material.
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Here, the one surface of the insulative substrate 11 in which
the above described pixel drive circuit DC, organic EL device
OLED (the pixel electrode 14, the organic EL layer 15 and the
counter electrode 16) and bank 17 are formed 1s enclosed by
attaching a metal cap, a sealing substrate (omitted from the
drawing) or the like.

Regarding such display panel 10, 1n the pixel drive circuit
DC mcluding functional devices such as the transistors Trl1,
1r12 and the wiring layers such as the select line Ls, the data
line Ld and the supply voltage line (anode line) La, the
organic ELL device OLED of each display pixel PIX (each
color pixel PXr, PXg and PXb) operates so as to emit light 1n
a desired brightness tone according to the display data by the
light emission drive current having a predetermined current
value being supplied to the pixel electrode 14 by flowing
between the source terminal and the drain terminal of the
transistor Tr 12 based on the tone signal Vpix according to the
display data supplied through the data line Ld.

At this time, because the display panel 10 shown 1n the
embodiment, that 1s, the pixel electrode 14 has the light trans-
mittance property and because the counter electrode 16 has
the light reflective property (that 1s, because the organic EL
device OLED 1s the bottom emission type), the light emaitted
in the organic EL layer 15 of each display pixel PIX (each
color pixel PXr, PXg and PXb) 1s transmitted through the
insulative substrate 11 directly via the pixel electrode 14
having the light transmittance property or by being retlected
by the counter electrode 16 having the light reflective prop-
erty to be emitted to the other side (lower side 1n the drawings
of FIGS. 4A and 4B) of the insulative substrate 11 which 1s
the viewing side.

(Manufacturing Method of the Display Apparatus)

Next, the manufacturing method of the display apparatus
(display panel) according to the embodiment of the present
invention will be described.

FIGS. 5A to 8B are process cross-sectional views showing,
an embodiment of the manufacturing method of the display
apparatus (display panel) according to the embodiment of the
present invention. Here, the cross-section cut along the line
IVA-IVA and the cross-section cut along the line IVB-IVB of
FIG. 3 shown in FIGS. 4A and 4B are shown by depicting the
cross-section cut along the line IVA-IVA 1n the rnight side and
the cross-section cut along the line IVB-IVB 1n the left side in
FIGS. 5A to 8B.

In the manufacturing method of the above display appara-
tus (display panel), first, the transistors Tr 11, Tr 12, the data
line Ld, the signal wiring layer Ldx and the wiring layers such
as the lower layer wiring section Ls0 of the select line Ls and
the lower layer wiring section La0 of the supply voltage line
La of the above described pixel drive circuit (see FIGS. 2 and
3) DC and the pixel electrode 14 to be the anode electrode of
the organic EL device OLED are formed for each of the pixel
forming region Rpx of the display pixel PIX (each color pixel
PXr, PXg and PXb) which 1s set on one side (upper side in the
drawing) of the insulative substrate 11 such as a glass sub-
strate as shown 1n FIGS. 5A to 5D.

Particularly, the gate electrodes Trllg, Tr12¢g and the data
line Ld are simultancously formed by patterning the gate
metal layer as shown 1n FIG. 5A after the gate metal layer 1s
formed on the transparent insulative substrate 11. Thereafter,
the gate msulation film 12, the semiconductor film SMC' to be
the semiconductor layer SMC including amorphous silicon
and the like and the insulation film BL' such as nitride silicon
or the like to be the channel protection layer BL are continu-
ously formed by coating formation 1n the entire area of the
insulative substrate 11.
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Subsequently, as shown 1n FIG. 5B, the channel protection
layer BL. and the semiconductor layer SMC are orderly
formed 1n the region corresponding to the gate electrodes
Trllg, Tr12g on the gate insulation film 12 by arbitrarily
patterning the above mentioned 1nsulation film BL' and the
semiconductor film SMC'. Thereafter, the impurity layer
OHM {for the ohmic connection 1s formed at both ends of the
semiconductor layer SMC.

Then, as shown 1n FIG. 5C, the pixel electrode 14 having a
plan pattern 1n a rectangular shape and having a transparent
clectrode maternial (having the light transmittance property)
such as tin doped indium oxide (Indium Tin Oxide; ITO), zinc
doped indium oxide (Indium Zinc Oxide; IZO) or the like 1s
formed 1n an approximate center region (the region 1n the plan
layout shown i FIG. 3 except for the peripheral portion of the
place where the transistors Tr11, Tr12 and various types of
wirings are disposed) of the pixel forming region Rpx of each
display pixel PIX on the gate insulation film 12. Thereatter, as
shown 1n FIG. 3, the contact holes CH1, CH2 and CH3 are
formed 1n the gate insulation film 12 so that the upper surface
of the predetermined position of the data line LLd, the gate
clectrodes Trllg, Tr12g of the transistors Trll, Tr12 are
exposed.

As shown 1n FIG. 5D, the source electrodes Trlls, Trl12s
and the drain electrodes Tr11d, Tr12d are formed at both ends
of the semiconductor layer SMC of the transistors Tr11, Tr12
so as to extend via the impurity layer OHM, and the lower
layer wiring section Ls0 of the select line Ls, the lower layer
wiring section La0 of the supply voltage line La (including
the power supply wiring layer Lay) and the signal wiring
layer L.dx are simultaneously formed.

Here, the source electrodes Trlls, Tr12s, the drain elec-
trodes Tr11d, Tr12d, the lower layer wiring section Ls0 of the
select line Ls, the lower layer wiring section La0 of the supply
voltage line La and the signal wiring layer Ldx are collec-
tively formed by patterning the source/drain metal layer after
forming the source/drain metal layer after the process of FIG.
5C. In such way, the signal wiring layer L.dx 1s connected to
the data line Ld which positions at the lower side via the
contact hole CHI, the select line Ls 1s connected to the gate
clectrode Trllg which positions at the lower side via the
contact hole CH2, and the source electrode Trlls 1s con-
nected to the gate electrode Tr12g which positions at the
lower side via the contact hole CH3. Further, the other end
side of the source electrode Trl2s of the transistor Tr12
extends onto the pixel electrode 14 to be electrically con-
nected.

Moreover, at least the source/drain metal layer for forming
the source electrode Trlls and the drain electrode Tr11d of
the above transistor Tr11, the source electrode Tr12s and the
drain electrode Tr12d of the transistor Tr12, the lower layer
wiring section Ls0 of the select line Ls, the lower layer wiring,
section La0 of the supply voltage line La (including the power
supply wiring layer Lay) and the signal wiring layer Ldx has
a wiring structure in which the metal layer 1n the lower layer
side including simple chromium (Cr), chromium alloy or the
like and the metal layer in the upper layer side including
simple aluminum (Al) or aluminum alloy such as aluminum-
titanium (AlT1), aluminum-neodymium-titanium (AINdTi1)
or the like are layered 1n a stacking manner.

Next, the msulation film including an 1mnorganic insulative
material such as nitride silicon (S1,N,, S1Nx), oxide silicon
(S10,) or the like 1s formed so as to cover the entire area 1n one
side of the insulative substrate 11 including the transistors
Tr11, Tr12 and the lower layer wiring section Ls0, La0 of the
select line Ls and the supply voltage line La. Thereatter, as
shown 1 FIG. 6 A, the msulation film 134 having openings
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where the upper surface of the drain electrode Tr12d of the
transistor Tr12, the upper surface of the lower layer wiring
section Ls0 of the select line Ls and the lower layer wiring
section Lal0 of the supply voltage line La and the upper
surface of the pixel electrode 14 are to be exposed are formed
by patterning the isulation film.

Subsequently, the low resistance metal layer (aluminum
thin film) for reducing the wiring resistance such as simple
aluminum (Al) or aluminum alloy such as aluminum-tita-
nium (AlT1), aluminum-neodymium-titantum (AINdT1) or
the like 1s formed on the msulative substrate 11 1n which the
insulation film 13a 1s formed by the spattering method, the
ion plating method, the vacuum deposition method, the plat-
ing method or the like. Thereafter, as shown 1n FIG. 6B, the
upper layer wiring sections Ls1, Lal including an aluminum
thin film are formed 1n the region corresponding to the plan
pattern of the select line Ls and the supply voltage line La
(1including the power supply wiring layer Lay) by patterning
the low resistance metal layer, and the select line Ls and the
supply voltage line La (including the power supply wiring
layer Lay) having the layered wiring structure including the
upper layer wiring sections Lsl, Lal and the lower layer
wiring sections Ls0, La0 are formed.

Then, for example, the insulation film including nitride
s1licon, oxide silicon or the like 1s formed by using the chemi-
cal vapor deposition (CVD method) or the like so as to cover
the entire area ol one side of the inculative substrate 11
including the select line Ls and the supply voltage line La.
Thereafter, as shown 1n FIG. 6C, the insulation film 1354
which covers the transistors Tr11, Tr12, the select line Ls and
the supply voltage line La (including the power supply wiring
layer Lay) and which has opening for the upper surface of the
pixel electrode 14 of each display pixel PIX to expose 1s
formed by patterning the 1nsulation film.

Then, as shown 1 FIG. 7A, for example, the bank 17
including the photosensitive resin material such as polyimide
system, acrylic or the like 1s formed on the msulation film 13
formed 1n the borderline region between the adjacent display
pixels PIX. Particularly, the bank (partition wall) 17 having a
plan patter (see FIG. 1) 1n a palisaded shape or a lattice shape
which includes the borderline region between the display
pixels PIX adjacent 1n the row direction, which 1s the region
extending 1n the line direction of the display panel 10, 1s
formed by carrying out the light exposure and the developing
process to the photosensitive resin layer formed by having a
{1lm thickness of 1 to 5 um so as to cover the entire area on one
side of the insulative substrate 11 including the insulation film
135. Here, as for a resin material, a polyimide coating mate-
rial “Photoneece PW-1030”, “Photoneece DIL-1000" or the
like manufactured by TORAY Industries. Inc. can be applied
preferably. In such way, the EL device forming region Rel
(the forming region of the organic EL layer 15 of the organic
EL device OLED) of a plurality of display pixel PIX of the
same color which are arranged in the line direction of the
display panel 10 1s defined by being enclosed by the bank 17,
and the upper surface of the pixel electrode 14 1n which the
outer edge 1s specified by the opening formed 1n the insulation
films 13a, 135 1s exposed (partition wall forming process).

Next, after the insulative substrate 11 1s cleaned by pure
water, the process (lyophilic process) to make the surface of
the pixel electrode 14 which 1s exposed 1n each EL device
forming region Rel defined by the bank 17 and the surface of
the insulation films 13a, 135 have the lyophic characteristic
with respect to the organic compound containing liquid of the
hole transport material or the electron transporting light emais-
sion material which are used in the after mentioned carrier
transport layer forming process 1s carried out by carrying out
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the oxygen plasma treatment, the UV ozone process or the
like, for example. In the carrier transport layer forming pro-
cess, the surface of the pixel electrode 14 and each sides of the
insulation films 13a, 135 are the portions where contact with
the organic compound containing liquad.

Then, for example, by carrying out the plasma treatment
(fluorocarbon gas plasma treatment) in the fluorocarbon gas
atmosphere to the msulative substrate 11, the surface of the
bank 17 1s made to have repellency characteristic with respect
to the organic compound contaiming liquid (repellency pro-
cess). Further, for example, by carrying of the plasma treat-
ment (inert gas plasma treatment) in the inert gas atmosphere
such as nitrogen gas, argon gas or the like, the surfaces of the
pixel electrode 14 and the 1nsulation films 13a, 135 1n which
the lyophilic characteristic 1s degraded 1n a small degree by
the above repellency process are made to have the lyophilic
characteristic again (re-lyophilic process). In such way, on the
same 1nsulative substrate 11, a condition 1n which only the
surface of the bank 17 formed by a resin material has a high
repellency characteristic and the surface of the pixel electrode
14 which 1s exposed in each EL device forming region Rel
defined by the bank 17 have high lyophilic characteristic is
realized. The particular efiect of the lyophilic process (in-
cluding the re-lyophilic process) and the repellency process
will be described 1n detail afterwards.

By defimng the ELL device forming region Rel of each
display pixel PIX (organic EL device OLED) having high
repellency characteristic by the bank 17, leakage and hump-
ing of the organic compound containing liquid into the EL
device forming region Rel of the adjacent display pixel PIX
can be prevented even when the light emission layer (electron
transporting light emission layer 156) of the organic EL layer
15 1s formed by applying the organic compound containing
liquid using the nozzle printing method or the inkjet method
in the after mentioned carried transport layer forming pro-
cess. Further, mixing of color of the adjacent pixels can be
prevented and red, green and blue can be colored so as to be
separated.

Moreover, by the surface of the bank 17 having high repel-
lency characteristic and by the surfaces of the pixel electrode
14 which are exposed 1n each EL device forming region Rel
having high lyophilic characteristic, rising of the organic
compound containing liquid which 1s applied 1n the carrier
transport layer forming process to the side of bank 17 can be
prevented. Further, the organic EL layer 15 (each layer of the
hole transport layer 15 a and the electron transporting light
emission layer 155) having an approximately even film thick-
ness can be formed on the entire region of the pixel electrode
14 because the organic compound contaimng liquid 1s
approximately evenly spread on the surface of the pixel elec-
trode 14 so as to sulliciently blend.

Here, the “repellency characteristic” used in the embodi-
ment 1s a condition where the contact angle 1s about 50° or
greater when the contact angle 1s measured by dropping an
organic compound containing liquid including the hole trans-
port material to be the after mentioned hole transport layer, an
organic compound containing liquid including the electron
transporting light emission material to be the electron trans-
porting light emission layer or an organic solvent used for the
solution of the above organic compound containing liquids on
the msulative substrate or the like. Further, the “lyophilic
characteristic” in contrary to the “repellency characteristic” 1s
the condition where the above contact angle 1s about 40° or
smaller, preterably 10° or smaller 1n the embodiment.

Subsequently, as shown 1n FI1G. 7B, the hole transport layer
(carrier transport layer) 15a 1s formed by applying the solu-
tion or the dispersion liquid of the hole transport material by
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the same process by using the nozzle printing (nozzle coat-
ing ) method in which the continuous solution (liquid tlow) 1s
discharged, the inkjet method 1 which a plurality of non-
continuous liquid drops which are separated from one another
are discharged to a predetermined position or the like to the
EL device forming region Rel (the forming region of the
organic EL device OLED) of each color, and by heating and
drying the solution or the dispersion liquid.

Particularly, the hole transport layer 15a which is the car-
rier transport layer 1s formed by fixing the hole transport
material of organic polymer system on at least the pixel
clectrode 14 by removing residual solution by carrying out
the drying process by heating the stage 1n which the mnsulative
substrate 11 1s mounted at the temperature condition of 100°
C. or more aiter applying polyethylenedioxythiophene/poly-
styrenesulphonic acid aqueous solution (PEDOT/PSS; a dis-
persion liquid 1n which polyethylenedioxythiophene PEDOT
which 1s the conductive polymer and polystyrenesulphonic
acid PSS which 1s a dopant are dispersed 1n aqueous medium)
on the pixel electrode 14 as the organic compound containing
liquid including the hole transporting material (carrier trans-
porting material) of organic polymer system, for example.

Here, the upper surface of the pixel electrode 14 which 1s
exposed 1n and the surface of the insulation films 134, 135 at
the outer edge portion of the pixel electrode 14 have the
lyophilic characteristic with respect to the organic compound
containing liquid including the hole transporting material by
the lyophilic process. Thus, the organic compound containing
liquid applied to the EL device forming region Rel defined by
the bank 17 spreads on the pixel electrode 14 and the 1nsula-
tion films 13a, 135 at the outer edge of the pixel electrode 14
so as to sufliciently blend. On the other hand, the bank 17 1s
formed so as to be sufliciently higher with respect to the
height of the organic compound containing liquid (PEDOT/
PSS) to be applied and has sufficient repellency characteristic
with respect to the organic compound containing liquid.
Theretore, the leakage or humping of the organic compound
containing liquid into the EL device forming region Rel of the
adjacent display pixel PIX can be prevented.

Next, as shown 1n FIG. 8A, the electron transporting light
emission layer (carrier transport layer) 1556 1s formed by
applying the solution or the dispersion liquid of the electron
transporting light emission material on the hole transport
layer 15a by using the nozzle printing method, the inkjet
method or the like to the EL device forming region Rel of each
color, and by heating and drying the solution or the dispersion
liquad.

Particularly, the electron transporting light emission layer
156 which 1s the carrier transport layer and also the light
emission layer1s formed by applying a solution 01 0.1 wt % to
5> wt % 1in which a light emission material inred (R), green (G)
and blue (B) including a conjugate double bond polymer or
polyparaphenylene vinylene system, polytluorene system or
the like 1s arbitrarily dissolved or dispersed in aqueous
medium or an organic solvent such as tetralin, tetramethyl-
benzene, mesitylene or xylene, for example, as the organic
compound containing liquid including the electron transport-
ing light emission material (carrier transporting material) of
an organic polymer system on the hole transport layer 154,
and then by fixing the electron transporting light emission
material of organic polymer system on the hole transport
layer 15a by removing residual solution by carrying out the
drying process by heating the stage 1n mitrogen atmosphere.

Here, the surface of the hole transport layer 154 formed 1n
the EL device forming region Rel has the lyophilic charac-
teristic with respect to the organic compound containing lig-
uid 1including the electron transporting light emission mate-
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rial. Thus, the organic compound containing liquid which 1s
applied to the EL device forming region Rel defined by the
bank 17 1s spread on the hole transport layer 15a so as to
suificiently blend. On the other hand, the bank 17 1s set so as
to be sufliciently high with respect to the height of the organic
compound containing liquid to be applied and has sufficient
repellency characteristic with respect to the organic com-
pound containing liquid. Thus, leakage or humping of the
organic compound containing liquid into the EL device form-
ing region Rel of the adjacent display pixel PIX can be pre-
vented.

In such way, the organic EL layer (light emission function
layer) 15 1s formed by orderly layering the hole transport
layer 15a and the electron transporting light emission layer
1556 on the pixel electrode 14 (carrier transport layer forming
Process).

Subsequently, as shown 1n FIG. 8B, a common counter
clectrode (for example, a cathode electrode) 16 which
opposes to each pixel electrode 14 via the organic EL layer 15
of each EL device forming region Rel, the counter electrode
16 having a light reflecting characteristic, 1s formed on the
isulative substrate 11 1n which the bank 17 and the organic
EL layer 15 (the hole transport layer 154 and the electron
transporting light emission layer 15b) are formed.

Here, an electrode structure in which the electron injection
layer (cathode electrode) of low work function such as cal-
cium (Ca), barium (Ba), lithium (L1), indium (In) or the like 1n
a thickness of 1 to 10 nm and a thin film (power supply
clectrode) of high work function including an alloy of such as
aluminum (Al) system, chromium (Cr) system, silver (Ag)
system and palladium-silver (AgPd) system of a thickness of
100 nm or more or a transparent electrode such as the ITO are
orderly layered by using the vacuum deposition method or the
spattering method, for example, can be applied to the counter
clectrode 16.

Moreover, as shown in FIGS. 1, 4A and 4B, the counter
clectrode 16 1s not only formed 1n a region opposing to the
pixel electrode 14 1n each EL device forming region Rel (the
forming region of the organic EL device OLED), but also the
counter electrode 16 1s formed as a single conductive layer (a
solid electrode) which extends to the bank 17 which defines

cach EL device forming region Rel and to the insulation films
13a, 135 (counter electrode forming process).

Next, the display panel 10 1n which a plurality of display
pixel PIX (the organic EL device OLED and the pixel drive
circuit DC) having a cross-sectional structure (bottom emis-
s1on type light emitting structure) as shown in FIGS. 4A and
4B are arranged 1n a matrix form 1s completed by forming the
sealing layer 18 including the silicon oxide film, the silicon
nitride film or the like on the entire area of one side of the
insulative substrate 11 by using the CVD method or the like
after the counter electrode 16 1s formed. Here, 1n addition to
the sealing layer 18 or instead of the sealing layer 18, a metal
cap (sealing lid) or a sealing substrate such as glass may be
attached by using an UV curing adhesive or a heat curing
adhesive.

In such way, 1n the manufacturing method of the display
apparatus according to the embodiment, after the surfaces of
the pixel electrode 14 which 1s exposed 1in the EL device
forming region Rel and the insulation films 13a, 135 are made
to have the lyophilic characteristic with respect to the organic
compound containing liquid which is applied in the carrier
transport layer forming process by carrying out the oxygen
plasma treatment to the entire surface of the mnsulative sub-

strate 11 1n which the pixel electrode 14 and the bank 17 are
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formed, the surface of the bank 17 which defines the EL
device forming region Rel 1s made to have the repellency
characteristic with respect to the above organic compound
containing liquid by the fluorocarbon plasma treatment and
turther the surfaces of the pixel electrode 14 and the insula-
tion films 13a, 135 are made to have the lyophilic character-
1stic with respect to the organic compound containing liquid
again by the nitrogen plasma treatment before the carrier
transport layer forming process in which the organic EL layer
15 (for example, the hole transport layer 15q and the electron
transporting light emission layer 156) of the organic EL
device OLED provided at each display pixel PIX 1s formed.

(Testing of Effect)

Next, the effect specific to the manufacturing method of the
display apparatus having the above feature will be described
in detail.

Here, 1n order to particularly show the superiority of the
manufacturing method according to the embodiment, the
comparison testing 1s carried out by showing the experimen-
tal result 1n which the contact angles expressing the lyophilic
characteristic and the repellency characteristic are measured
for a panel substrate (referred to as “comparison material 1)
in which the surface of the bank 1s made to have the repellency
characteristic by the fluorocarbon plasma treatment after the
lyophilic treatment 1s carried out to the surface of the pixel
clectrode (including the msulation layer exposed 1n the EL
device forming region) by the oxygen plasma treatment and a
panel substrate (referred to as “comparison material 2°) in
which the surface of the pixel electrode 1s made to have the
lyophilic characteristic again by the oxygen plasma treatment
alter the lyophilic treatment and the repellency treatment
same as 1n the comparison material 1 1s carried out to the
panel substrate.

First, the condition (plasma treatment condition) for the
lyophilic treatment (including the re-lyophilic treatment) and
the repellency treatment which 1s carried out to the panel
substrate according to the comparison materials 1 and 2 and
the embodiment will be described. Here, regarding the lyo-
philic treatment and the repellency treatment (plasma treat-
ment) shown heremaftter, a description 1s given for the case

where the plasma ashing apparatus OPM-5SQ1000E manufac-
tured by Tokyo Ohka Kogyo Co., Ltd. 1s used.

In the panel substrate according to the comparison material
1, first, the oxygen plasma treatment 1s carried out to the pixel
clectrode including the I'TO 1n which the exposure portion 1s

set by the opening provided 1n the 1nsulation film including
the silicon nitride film and the 1nsulative substrate 1n which
the bank having polyimide on the mnsulation film 1s formed
under the condition where the high frequency output (RF
power) 1s 300 W, the oxygen gas tlow setting 1s 800 sccm, the
degree of vacuum 1in the treatment chamber (chamber) 1s 1.2
Torr, the temperature of the stage where the substrate is
mounted 1s 45° C. and the treatment time 1s 2 min as shown in
Table 1. Thereatter, the fluorocarbon (CF ) plasma treatment
1s carried out under the condition where the high frequency
output (RF power) 1s 50 W, the CF, gas flow setting 1s 80
sccm, the degree of vacuum 1n the treatment chamber 1s 0.4
Torr, the stage temperature 1s 45° C. and the treatment time 1s
20 sec. That 1s, 1n the panel substrate according to the com-
parison material 1, only the lyophilic treatment by the oxygen
plasma treatment and the repellency treatment by the fluoro-
carbon plasma treatment are carried out under the above
condition.
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TABL,

(L]

1

<Plasma treatment condition for comparison material 1>

Oxygen plasma treatment CF, plasma treatment

RF power 300 W S50W
Gas flow setting 800 sccm 80 sccm
Degree of vacuum 1.2 Torr 0.4 lTorr
Stage temperature 45° c. 45° c.
Treatment time 2 min 20 sec

Moreover, 1n the panel substrate according to the compari-
son material 2, the oxygen plasma treatment and the fluoro-
carbon plasma treatment are carried out to the pixel electrode,
the insulation films and the insulative substrate in which the
bank 1s formed under the treatment condition similar to that of
the comparison material 1, and thereaiter the oxygen plasma
treatment 1s carried out again under the condition where the
high frequency output (RF power) 1s 50 W, the oxygen gas
flow setting 1s 40 sccm, the degree of vacuum in the treatment
chamber 1s 0.4 Torr, the stage temperature 1s 45° C. and the
treatment time 1s 15 sec as shown 1n Table 2. That 1s, 1n the
panel substrate according to the comparison matenal 2, the
lyophilic treatment by the oxygen plasma treatment, the
repellency treatment by the fluorocarbon plasma treatment,
and the lyophilic treatment (re-lyophilic treatment) by the
oxygen plasma treatment are carried out.

TABL.

L1l

2

<Plasma treatment condition for comparison material 2>

Oxygen plasma CF,plasma Oxygen plasma
treatment treatment treatment
RF power 300 W S50 W 50 W
Gas flow setting 800 sccm 80 sccm 40 sccm
Degree of vacuum 1.2 Torr 0.4 lorr 0.4 Torr
Stage temperature 45° c. 45° c. 45° ¢.
Treatment time 2 min 20 sec 15 sec

On the other hand, in the panel substrate (insulative sub-
strate 11) according to the embodiment, the oxygen plasma
treatment and the fluorocarbon plasma treatment are carried
out to the pixel electrode, the mnsulation films and the 1nsula-
tive substrate 1n which the bank 1s formed under the treatment
condition similar to that of the comparison material 1, and
thereatter, the nitrogen plasma treatment 1s carried out under
the condition where the high frequency output (RF power) 1s
50 W, the nitrogen gas flow setting 1s 0.1 L/min, the degree of
vacuum 1n the treatment chamber 1s 0.4 Torr, the stage tem-
perature 1s 45° C. and the treatment time 1s 15 sec as shown 1n
Table 3. That 1s, 1n the panel substrate according to the
embodiment, the lyophilic treatment by the oxygen plasma

treatment, the repellency treatment by the fluorocarbon
plasma treatment and the lyophilic treatment (re-lyophilic
treatment) by the nitrogen plasma treatment are carried out.

TABLE 3

<Plasma treatment condition for the embodiment>

Oxygen plasma CF,plasma Nitrogen plasma
treatment treatment treatment
RF power 300 W 50 W 50 W
Gas flow setting 800 sccm 80 sccm 0.1 L/min
Degree of vacuum 1.2 Torr 0.4 lorr 0.4 Torr
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TABLE 3-continued

<Plasma treatment condition for the embodiment>

Oxygen plasma CF,plasma Nitrogen plasma
treatment treatment treatment

Stage temperature 45° c. 45° c. 45° c.

Treatment time 2 min 20 sec 15 sec

FIG. 9 1s a graph showing a measurement result of the
contact angles on the panel substrate according to the
embodiment and the comparison materials. Here, 1n order to
clearly show the measurement result of the embodiment and
the comparison materials 1 and 2, the hatching 1s conve-
niently carried out to a portion of data.

In the panel substrate according to the embodiment and the
comparison materials 1 and 2 1n which the plasma treatment
(the lyophilic treatment and the repellency treatment) 1s car-
ried out under the above mentioned treatment condition, the
contact angles were measured by using pure water which 1s
used for the organic compound containing liquid (aqueous
solution) to be applied to form the carrier transport layer (the
hole transport layer and the electron transporting light emis-
s1on layer) 1n the above described manufacturing method of
the display apparatus and the xylene which 1s used for the
organic compound containing liquid (organic solution) to be
applied to form the electron transporting light emission layer
within the carrier transport layer, and a result as shown 1n FIG.
9 15 obtained.

As shown 1n FIG. 9, 1n the panel substrate according to the
comparison material 1, the pure water contact angle was 20.5°
on the I'TO surface which forms the pixel electrode and was
4.2° on the silicon nitride film surface. On the other hand, the
pure water contact angle was 111.2° on the polyimide surface
which forms the bank. That 1s, the surfaces of the ITO and the
s1licon nitride {ilm can be made to have the lyophilic charac-
teristic with respect to the organic compound containing lig-
uid (aqueous solution) for forming the carrier transport layer
by carrying out the fluorocarbon plasma treatment to the pixel
clectrode including the ITO, the msulation film including the
silicon nitride film and the entire surface of the panel substrate
in which the bank including the polyimide 1s formed after
carrying out the oxygen plasma treatment to them, and further
the surface of the polyimide can be made to have the repel-
lency characteristic. The pure water contact angle on the I'TO
surface 1s 20.5° being relatively large. Although this contact
angle of 20.5° achieves the guideline of the lyophilic charac-
teristic of about 40° or smaller, 1t cannot be said that the
lyohpilic characteristic 1s preferable because the contact
angle 1s greater than the more preferable pure water contact
angle of about 10°.

It 1s considered that this 1s due to the hydrophilicity of the
I'TO surface which 1s once made to have the lyophilic char-
acteristic 1s degraded by carrying out the repellency treatment
by the fluorocarbon plasma treatment after carrying out the
lyophilic treatment by the oxygen plasma treatment. More
particularly, because the polyimide 1in which the etching 1s
carried out on the surface of the bank at the time of repellency
treatment 1s accumulated on the pixel electrode (ITO) sur-
face, the lyvophilic characteristic of the pixel electrode surface
1s degraded. It 1s considered that it 1s not an effect of residual
that occurs when the photosensitive resin layer 1s processed
by the partition wall forming process.

In order to prove this, the pure water contact angle on
polyimide and the I'TO when the repellency treatment by the
fluorocarbon plasma treatment 1s independently carried outto
cach of the substrate (patterming substrate) in which the I'TO
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1s formed on the glass substrate (insulative substrate) and 1n
which the polyimide patter 1s processed and the cut out por-
tion (only the ITO) which 1s only the portion (no polyimide
pattern) where the I'TO 1s formed 1s cut out from the substrate
are measured and an result as shown 1n Table 4 1s obtained. In
the substrate in which patterning 1s carried out to the polyim-
ide (patterning substrate), the pure water contact angle is
97.0° on the polyimide surface showing a high repellency
characteristic, and the contact angle on the ITO surface 1s
22.3°. On the other hand, when the cut out portion of the
substrate where the I'TO 1s formed 1s cut out from the substrate
and when the repellency treatment 1s carried out under the
same condition (only the ITO), the pure water contact angle
on the I'TO surface 1s 9.0° showing a high lyophilic charac-
teristic. From the above, 1t 1s confirmed that the lyophilic
characteristic on the ITO surface 1s degraded by the effect of
polyimide near the I'TO. Here, the lyophilic characteristic in
the silicon mitride film does not degrade as the I'TO surface by
the surface of the silicon nitride film being etched by the
repellency treatment by the fluorocarbon plasma.

TABL

(L]

4

<Pure water contact angle (°)>

ITO polyimide
Patterning substrate 22.3 97.0
Only-ITO substrate 9.0 —

Moreover, as shown in FIG. 9, in the panel substrate
according to the comparison material 2, the pure water con-
tact angle of 29.0° 1s obtained on the I'TO surface, and the pure
water contact angle of 94.1° 1s obtained on the polyimide
surface. That 1s, after the oxygen plasma treatment 1s carried
out to the entire surface of the panel substrate 1n which the
pixel electrode and the bank are formed, the ITO surface can
be made to have the lyophilic characteristic with respect to the
organic compound containing liquid (aqueous solution) and
the polyimide surface can be made to have the repellency
characteristic with respect to the organic compound contain-
ing liquid (aqueous solution) by carrying out the fluorocarbon
plasma treatment to the entire surface of the panel substrate
and by further carrying out the oxygen plasma treatment.
However, the lyophilic characteristic and the repellency char-
acteristic of the comparison material 2 are reduced comparing
that of the above described comparison material 1, although
the pure water contact angle on the I'TO surface have reached
29.0° and the pure water contact angle on the polyimide
surface have reached 94.1° and the guide line of the lyophilic
characteristic (about 40° or smaller) and the guide line of the
repellency characteristic (about 50° or greater) are achieved
by the comparison material 2.

In such way, when the fluorocarbon plasma treatment 1s
carried out to make the polyimide (bank) have the repellency
characteristic after the oxygen plasma treatment 1s carried out
to make the I'TO (pixel electrode) have the lyophilic charac-
teristic as 1n the comparison material 1, 1t 1s determined that
the lyophilic characteristic of the ITO 1s degraded. Further,
when the fluorocarbon plasma treatment 1s carried out to
make the polyimide (bank) have the repellency characteristic
alter the oxygen plasma treatment is carried out to make the
ITO (pixel electrode) have the lyphilic characteristic and
when further the oxygen plasma treatment 1s carried out to
make the ITO (pixel electrode) regain the lyphilic character-
1stic as 1n the comparison material 2, it 1s determined that both
the lyphilic characteristic of the ITO and the repellency char-
acteristic of the polyimide are degraded.
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As shown 1n the above described embodiment, 1n the
present invention, the fluorocarbon plasma treatment 1s car-
ried out to make the polyimide (bank) have the repellency
characteristic after the oxygen plasma treatment 1s carried out
to make the ITO (pixel electrode) have the lyphilic character-
istic and further the mtrogen plasma treatment 1s carried outto
make the ITO (pixel electrode) regain the lyphilic character-
istic. In such way, as shown 1n FIG. 9, the pure water contact
angle of 11.7° 1s obtained on the ITO surface and the pure
water contact angle of 15.4° 1s obtained on the nitride silicon
film surface, and the pure water contact angle of 112.8° 1s
obtained on the polyimide surface.

That 1s, 1t 1s determined that a good lyphilic characteristic
can be realized by greatly approximating the pure water con-
tact angle of the ITO surface with respect to the organic
compound containing liquid (aqueous solution) for forming
the carrier transport layer to about 10° which 1s a more pret-
erable value, and that a good repellency characteristic can be
realized by greatly increasing the pure water contact angle on
the polyimide surface. Further, although the lyphilic charac-
teristic 1s degraded because the pure water contact angle of
the nitride silicon film surface 1s somewhat greater than that in
the case of the comparison material 1, the pure water contact
angle of the nitride silicon film surface can achieve the above
mentioned guideline of the lyophilic characteristic which 1s
about 40° or smaller.

The contact angle (xylene contact angle) of xylene which 1s
used for the organic compound containing liquid (organic
solution) for forming the electron transporting light emission
layer to be provided at the upper layer of the hole transport
layer within the carrier transport layer on the polyimide
(bank) 1s measured, and 53.6° 1s obtained in the case of
comparison material 1, 45.5° 1s obtained 1n the case of com-
parison material 2 and 45.1° 1s obtained 1n the case of the
embodiment as shown 1n FI1G. 9. A significant difference was
not found.

Subsequently, the occurrence rate of defect (print irregu-
larity and pin hole) when the organic compound containing
liguid (aqueous solution) for forming the carrier transport
layer (for example, the hole transport layer) in the panel
substrate according to the above described embodiment and
the comparison material 1 will be described.

FIGS. 10A and 10B are schematic views for explaining an
experimental condition for testing an occurrence rate of
defect when an organic compound containing liquid 1s
applied to the panel substrate, and FIGS. 11A and 11B are
microscope photographs showing an occurring condition of
defect (print 1rregularity) in the panel substrate according to
the embodiment and a comparison material 1.

Here, 1n the panel substrate according to the comparison
material 1 1 which the lyophilic characteristic of the ITO
(pixel electrode) and the repellency characteristic of the poly-
imide (bank) can be made to be relatively high among the
above described comparison materials 1 and 2 and the panel
substrate (insulative substrate) according to the embodiment,
the occurrence condition of a defect (print irregularity and pin
hole) will be tested for the case where the upper surfaces of a
plurality of pixel electrodes 14 including the ITO which are
arranged 1n a straight line are exposed via the openings 13¢
formed 1n the msulation films 13a, 135 including the silicon
nitride film and where the organic compound containing lig-
uid (aqueous solution) for forming the carrier transport layer
1s applied to the region (corresponding to the above men-
tioned EL device forming region Rel) enclosed by a pair of
bank 17 including polyimide so as to have the exposed portion
of the pixel electrode 14 1n the middle and the organic com-
pound containing liquid 1s dried.
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When the organic compound containing liquid (that 1s an
aqueous solution 1 which PEDOT/PSS 1s dispersed) for
forming the hole transport layer 1s used as the organic com-
pound contaiming liquid and when the organic compound
contaiming liquid 1s continuously applied to the 240 pixels
(pixel electrode 14) which are arranged 1n a straight line in the
region (EL device forming region Rel) enclosed by the bank
17 by sweeping the pixels once by the nozzle printing
method, the occurrence ratio of defect (print irregularity and
pin hole) 1s that the defect was observed in 240 pixels among,
240 pixels (that 1s, all of the pixels) in the panel substrate
according to the comparison material 1. On the other hand,
defect was observed only 1n 2 pixels among 240 pixels in the
panel substrate according to the embodiment.

Particularly, 1n the panel substrate according to the com-
parison material 1, the pixel electrode 14 repels the organic
compound containing liquid which 1s applied to the surface of
the pixel electrode 14 exposed from the opening 13¢ of the
insulation films 13a, 135 and the print wrregularity 1n which
the f1lm thickness of the carrier transport layer (hole transport
layer) 1s uneven occurs frequently as shown in FIG. 11A. On
the other hand, in the panel substrate according to the present
invention, 1t 1s discovered that occurrence of the print irregu-
larity as shown 1n FIG. 11A 1s greatly reduced and only very
small print irregularity as shown 1n FIG. 11B occurs slightly.

From the result, according to the manufacturing method of
the display apparatus of the embodiment of the present inven-
tion, the repellency characteristic of the bank surface includ-
ing polyimide can be maintained and also the lvophilic char-
acteristic of the pixel electrode surface including the I'TO can
be improved by making the bank surface have the repellency
characteristic by carrying out the fluorocarbon plasma treat-
ment alfter making the pixel electrode surface have the lyo-
philic characteristic by carrying out the oxygen plasma treat-
ment and then further carrying out the nitrogen plasma
treatment 1n the panel substrate 1n which the pixel electrode
including the ITO and the bank including polyimide are
tormed. Theretfore, the occurrence of the print irregularity and
the pin holes when the organic compound containing liquid 1s
applied 1s reduced and the carrier transport layer having an
even f1lm thickness can be formed. Further, the light emission
irregularity, shifting in brightness and deterioration in the
organic EL device which occur due to the light emission drive
current concentrates to tlow in the area where the film thick-
ness of the organic EL layer 1s thin when the orgamic EL
device (light emitting element) 1s operating so as to emait light
are prevented and a good display 1image quality can be real-
ized and the product yield can be improved.

Here, 1n the above testing of the efifect, a description 1s
given for the case where the oxygen plasma treatment is
carried out 1n the process (lyophilic process) to make the
surface of the pixel electrode 14 have the lyophilic character-
1stic. However, the present invention 1s not limited to this, and
for example, other lyophilic treatment such as the UV ozone
treatment can be carried out as described in the above manu-
facturing method according to the embodiment. In such case,
approximately the same effect as the effect obtained by car-
rying out the oxygen plasma treatment can be obtained.

Moreover, 1n the above testing of the effect, a description 1s
given for the case where the mert gas plasma treatment 1s
carried out by using CF, as fluorocarbon gas in the process
(repellency process) to make the surface of the bank 17 have
the repellency characteristic. However, the present invention
1s not limited to this, and any one of CF,, C F., CHF,, C,F,,
and C,F. may be used as fluorocarbon gas. In such case,
approximately the same etlect as the effect obtained by using
CF, as fluorocarbon gas can be obtained.
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Moreover, 1n the above testing of the eflfect, a descriptionis
given for the case where the nitrogen plasma treatment 1s
carried out 1n the process (re-lyophilic process) to make the
surface of the pixel electrode 14 have the lyopilic character-
1stic again. However, the present invention 1s not limited to
this, and the plasma treatment using an inert gas other than
nitrogen such as argon gas may be carried out. In such case,
approximately the same effect as the effect obtained by car-
rying out the nitrogen plasma treatment can be obtained.

Moreover, 1n the above testing of the effect, a result of the
contact angles of pure water and xylene which are measured
when polyimide 1s used as the bank 1s shown. However, the
present invention 1s not limited to this, other transparent elec-
trode material such as IZ0 may be used as the pixel electrode,
and other photosensitive resin material such as acrylic may be
used as the bank. In such case, approximately the same effect
as the eflect obtained by using the I'TO as the pixel electrode
and using polyimide as the bank can be obtained.

Furthermore, 1n the above described embodiment, a
description 1s given for the case where the organic EL layer 15
1s constituted with the hole transport layer 15q and the elec-
tron transporting light emission layer 13b. However, the
present invention 1s not limited to this, and for example, the
organic EL layer 15 may be constituted with only the hole
transporting/electron transporting light emission layer, the
organic EL layer 15 may be constituted with the hole trans-
porting light emission layer and the electron transport layer,
and the organic EL layer 15 may be constituted with the hole
transport layer, the electron transport layer and the light emais-
sion layer. Further, the organic EL layer 15 may be constituted
by having the carner transport layer arbitrary intervening
between each of the layers, or the organic EL layer 15 may be
a combination of other carrier transport layers.

Moreover, 1n the above described embodiment, a descrip-
tion 1s given for the case where the display panel has the
bottom-emission type light emission structure. However, the
present mnvention 1s not limited to this, and the display panel
may have the top-emission type light emission structure. In
such case, the pixel electrode 14 has an electrode structure 1n

which the reflecting electrode layer having the light reflecting
characteristic such as aluminum, chromium or the like and the
transparent electrode layer having light transmittance char-
acteristic such as the ITO or the like which covers the reflect-
ing electrode layer are layered in a stacking manner, and the
counter electrode 16 needs to be formed with a conductive
material having the light transmittance characteristic such as
the ITO or the like.

Further, in the above described embodiment, the anode
clectrode 1s used for the pixel electrode 14. However, 1t 1s not
limited to this, and the cathode electrode may be used for the
pixel electrode 14. Here, the organic EL layer 15 needs to be
a layer 1in which the carrier transport layer adjacent to the
pixel electrode 14 1s the electron transporting layer.

Furthermore, 1n the above described embodiment, the dis-
play panel 10 of an active drive which comprises the pixel
drive circuit DC shown. However, 1t 1s not limited to this, and
the display panel 10 may be a display panel of a passive drive.

The entire disclosure of Japanese Patent Application No.
2007-240627 filed on Sep. 18, 2007 including description,
claims, drawings, and abstract are incorporated herein by
reference 1n 1ts entirety.

Although various exemplary embodiments have been
shown and described, the invention 1s not limited to the
embodiments shown. Therefore, the scope of the invention 1s
intended to be limited solely by the scope of the claims that
follow.
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What 1s claimed 1s:

1. A manufacturing method of a display apparatus which
comprises a plurality of display pixels including light emut-
ting elements having a carrier transport layer, comprising:

first causing a surface of an electrode, which 1s formed in a

forming region of the plurality of display pixels that 1s
enclosed by a partition wall which 1s provided on a
substrate, to have a lyophilic characteristic by carrying
out an oxygen plasma treatment with a first RF power for
a first treatment time;

making a surface of the partition wall have a repellency

characteristic; and

second causing the surface of the electrode to have the

lyophilic characteristic again by carrying out a plasma
treatment to the enfire substrate in an 1nert gas atmo-
sphere with a second RF power that 1s lower than the first

RF power for a second treatment time that 1s shorter than
the first treatment time.

2. The manufacturing method of the display apparatus
according to claim 1, wherein 1n the making, the surface of the
partition wall 1s made to have the repellency characteristic to
an organic solution including a carrier transporting material
by carrying out a plasma treatment to the partition wall in a
fluorocarbon gas atmosphere.

3. The manufacturing method of the display apparatus
according to claim 1, wherein 1n the second causing, the
surface of the electrode 1s made to have the lyophilic charac-
teristic to an organic solution including a carrier transporting
material by carrying out the plasma treatment in a nitrogen
gas atmosphere or 1n an argon gas atmosphere.

4. The manufacturing method of the display apparatus
according to claim 1, wherein the partition wall 1s formed by
photosensitive resin material of a polyimid system or an
acrylic system.

5. The manufacturing method of the display apparatus
according to claim 1, wherein the partition wall 1s formed on
an sulation film including a silicon nitride film or a silicon
oxide film formed on the substrate between forming regions
of the display pixels.

6. The manufacturing method of the display apparatus
according to claim 1, wherein the forming region of the dis-
play pixels 1s defined by the partition wall.

7. The manufacturing method of the display apparatus
according to claim 1, further comprising:

forming the carrier transport layer by applying an organic

solution including a carrier transporting material on the
clectrode which 1s caused to have the lyophilic charac-
teristic again and drying the organic solution; and
forming a counter electrode which opposes electrodes of
the plurality of display pixels via the carrier transport
layer and which 1s formed so as to extend on the partition
wall which 1s made to have the repellency characteristic.

8. The manufacturing method of the display apparatus
according to claim 1, wherein the carrier transport layer com-
prises a plurality of layers.

9. The manufacturing method of the display apparatus
according to claim 1, wherein the electrode includes ITO.

10. The manufacturing method of the display apparatus
according to claim 1, further comprising:

forming the carrier transport layer by applying an organic

solution including a carrier transporting material on the
clectrode which 1s caused to have the lyophilic charac-
teristic again and drying the organic solution.

11. A manufacturing method of a display apparatus which
comprises a plurality of display pixels including light emat-
ting elements having a carrier transport layer, comprising:
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first causing a surface of an electrode formed 1n a forming
region of the plurality of display pixels by being
enclosed by a partition wall which 1s provided on a
substrate to have a lyophilic characteristic to an organic
solution including a carrier transporting material by car-
rying out an oxygen plasma treatment with a first RF
power for a first treatment time;

making a surface of the partition wall have a repellency

characteristic; and

second causing the surface of the electrode to have the

lyophilic characteristic again by carrying out a plasma
treatment 1n an mert gas atmosphere with a second RF
power that 1s lower than the first RF power for a second
treatment time that 1s shorter than the first treatment
time.

12. The manufacturing method of the display apparatus
according to claim 11, wherein 1n the making, the surface of
the partition wall 1s made to have the repellency characteristic
to the organic solution including the carrier transporting
material by carrying out a plasma treatment to the partition
wall 1n a fluorocarbon gas atmosphere.

13. The manufacturing method of the display apparatus
according to claim 11, wherein in the second causing, the
surface of the electrode 1s made to have the lyophilic charac-
teristic to the organic solution including the carrier transport-
ing material by carrying out the plasma treatment in the inert
gas atmosphere.

14. The manufacturing method of the display apparatus
according to claim 11, wherein the partition wall 1s formed by
photosensitive resin materal.

15. The manufacturing method of the display apparatus
according to claim 11, wherein the partition wall 1s formed on
an 1sulation film mncluding a silicon nitride film or a silicon
oxide film formed on the substrate between the forming
regions of the display pixels.

16. The manufacturing method of the display apparatus
according to claim 11, wherein the forming region of the
display pixels 1s defined by the partition wall.

17. The manufacturing method of the display apparatus
according to claim 11, further comprising;

forming the carrier transport layer by applying the organic

solution including the carrier transporting material on
the electrode which 1s caused to have the lyophilic char-
acteristic again and drying the organic solution.

18. The manufacturing method of the display apparatus
according to claim 17, further comprising:

forming a counter electrode which opposes the electrode of

the plurality of display pixels via the carrier transport
layer and which 1s formed so as to extend on the partition
wall.

19. The manufacturing method of the display apparatus
according to claim 11, wherein the carrier transport layer 1s
constituted with a plurality of layers.

20. The manufacturing method of the display apparatus
according to claim 11, wherein the electrode includes ITO.

21. The manufacturing method of the display apparatus
according to claim 1, wherein the first RF power 1s 300 W, the
first treatment time 1s 2 minutes, the second RF poweri1s S0 W,
and the second treatment time 1s 15 seconds.

22. The manufacturing method of the display apparatus
according to claim 11, wherein the first RF power 1s 300 W,
the first treatment time 1s 2 minutes, the second RF power 1s
50 W, and the second treatment time 1s 15 seconds.
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